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ABSTRACT

This report reviews metallurgical data and charac-
teristics pertinent to the development of the Mk 19 Mod 0
(EX 29 Mod 3) warhead for use in the ASM-N-7a BULLPUP
guided missile. Warhead bodies of AISI 4340 standard basic
electric furnace steel with proper heat treatment were
found to be of suitable metallurgical quality. In com-
parison with AISI 4340 warhead bodies the AISI 4140 bodies
were inferior metallurgically. The mechanical property
specifications established during the development of the
EX 29 warhead were substantiated and deemed suitable for
use in quantity production of Mk 19 type warheads.
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FOREWORD

This report issued by the Naval Weapons Laboratory,
Dahlgren, covers the metallurgical studies conducted during
development of the Warhead, Mk 19 Mod 0 (EX 29 Mod 3).

The work on the project reported herein was conducted
during the period of December 1958 to February 1960 and
relates to references (a), (b) and (c).

This report has been reviewed by the following members
of the Warhead and Terminal Ballistics Laboratory:

H. E. ROMINE, Head of Materials Branch
J. J. GLANCY, Deputy Head of Development Division
W. W. MEYERS, Head of Development Division
W. E. McKENZIE, Associate Director

Warhead and Terminal Ballistics Laboratory
C. B. GREEN, Director

Warhead and Terminal Ballistics Laboratory

APPROVED FOR RELEASE:

/s/ R. H. LYDDANE
Technical Director
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INTRODUCTION

This report presents metallurgical data and summarizes
metallurgical characteristics deemed pertinent to the
design and development of the Mk 19 Mod 0 (EX 29) warhead.
The final prototype Warhead (EX 29 Mod 3) described herein
is essentially the same dtisign as the production quality
warhead designated the Mk 19 Mod 0, and was used for final
evaluation of the warhead design. The final evaluation
tests demonstrated that the warhead, when explosive loaded
and mounted in the BULLPUP guided missile as shown in
Figure 1, is rugged enough to withstand impact on and pene-
tration of light steel and reinforced concrete targets at
striking velocities up to 1800 ft/sec and to remain in an
effective bursting condition. The metallurgical charac-
teristics of the EX 29 Mod 3 warhead are an integral part
of the warhead design and considered to have contributed
materially to the satisfactory penetration performance
exhibited by this warhead in its final evaluation impact
tests conducted in actual BULLPUP missiles (from a track)
at NOTS, China Lake, California.

DESCRIPTION OF MATERIAL

The EX 29 warhead (empty) is a three component
assembly, shown in Figure 2, consisting of a body of one
piece forged construction, a base plug, and a fuze cavity
liner. The preliminary prototype warheads EX 29 Mods 0
and 1 and the final prototype EX 29 Mod 3 warhead, treated
in this report, were nearly identical in configuration and
differed only in the steel composition used in the body and
base plug components. AISI 4340 steel was used for the
body and base plug on the EX 29 Mods 0 and 3 warheads and
has been specified for the corresponding components of the
Mk 19 Mod 0 warhead. AISI 4140 steel was used for the
body and base plug on the EX 29 Mod 1 warhead for the pur-
pose of determining the effect of a lower alloy content
than AISI 4340 on warhead performance and problems asso-
ciated with procurement, fabrication and inspection inso-
far as practicable consistent with performance requirement.
The steel used for the fuze cavity liner on all warheads
was AISI 4130. In general, 3tandard basic electric furnace
quality steel was used for the body component. The design
of the body component of the EX 29 Mod 3 warhead is shown
in Figure 3. The results of experimental work with

1 CON•FIDENTIAL
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3.2 inch reduced scale model warheads were used to estab-
lish the metallurgical characteristics and design of the
EX 29 warhead. In this earlier warhead development work
the mechanical properties listed in Table l(A) were evolved,
utilized, and found to be suitable for use in a penetrating
type of warhead. Such mechanical properties assured a good
combination of strength, toughness and ductility, permitted
machining, and were capable of use in a specification for
production warheads. As a result, the heat treatment of
EX 29 warheads given in Table 2 was aimed to provide mechan-
ical properties shown in Table l(A).

PROCEDURE

A metallurgical evaluation was conducted of repre-
sentative EX 29 warheads as received from the contractor in
the final heat treated condition. The warhead body com-
ponent was tested as follows:

a. A check chemical analysis was made on a sample
from the body wall.

b. Rockwell C hardness tests were taken on a longi-
tudinal cross section. Tests included at least 14 Rock-
well C hardness determinations in the heavy ogive section.

c. A macroscopic examination or macro-etch test was
made of a longitudinal cross section.

d. Tensile tests were conducted on two specimens
taken from the ogive section in a near longitudinal
direction as shown in Figure 4.

e. Charpy impact tests were made on V-notch speci-
mens taken from the ogive section in a near longitudinal
direction as shown in Figure 4. The notch of the specimen
was approximately perpendicular to the outside surface of
the body. At least two specimens were tested at 00C and
in some cases specimens were tested at various other
temperatures to determine the transition temperature from
ductile to brittle failure. Here the percent of granular
fracture was determined from the fracture appearance of the
impact specimen and plotted vs testing temperature. A
curve was drawn and the temperature for a point on the

2 CONFIDENTIAL
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curve at which fracture was fifty percent granular and
fifty percent fibrous was determined. This temperature was
considered to be the transition temperature. On some war-
head bodies Charpy V-notch specimens were taken also from
the heavy nose section transverse to the longitudinal axis
of the body and tested at 00 C.

f. The depth of decarburization on the outside and
cavity surfaces was determined from microscopic examination
of metallographic specimens taken in the longitudinal
direction.

g. Grain size measurements were made by microscopic
examination of specimens taken in a transverse direction.

h. A metallographic examination was made of the
entire central longitudinal section for microstructuro,
banding, and inclusions. Photomicrographs .ere taken at
locations shown in Figure 5 to show the microstructure,
inclusions, and banding.

The base plug and cavity liner components were tested
only for Rockwell C hardness and chemical composition.

RESULTS AND DISCUSSION

Check chemical analyses and Rockwell C hardness tests
showed representative base plugs and cavity liners of EX 29
warheads to be within the check analysis limits for the
particular AISI steel and the hardness limits given in
Table I(A). The results of metallurgical tests on the
EX 29 warhead bodies illustrated in Figures 6 through 40
and Tables 1(B) and I(C) are discussed in the following
paragraphs.

a. Chemical Composition - The chemical compositions
of the EX 29 warhead bodies given in Table 1(B) are within
the check analysis tolerances for either AISI 4140 or
AISI 4340 steel.

b. Tensile Properties - The tensile test results in
Table !(C) show that all warhead bodies, with the exception
of 14o. 3, exceed the yield strength and reduction of area
minimums given in Table 1(A). The yie]d strength of warhead
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body No. 3 was only 700 psi under the minimum requirement.
Elongation and reduction of area were slightly higher for
the AISI 4340 bodies than for the AISI 4140 bodies.

c. Charpy Impact Properties - The Charpy impact test
results in Table l(C) made at 00C on specimens from the
location shown in Figure 4 show that all warhead bodies
with the exception of AISI 4140 wlarhead body No. la exceed
the impact strength minimum of 40 ft-lbs specified in
Table l(A). The AISI 4140 warhead body No. la with the
lowest impact strength had the highest yield and tensile
strength and AISI 4340 warhead body No. 3 with the highest
impact strength had the lowest yield and tensile strength.
Table l(C) shows the AISI 4340 bodies to be superior to
the AISI 4140 bodies in impact strength determined with
specimens taken either in the near longitudinal direction
as shown in Figure 4 or in a transverse direction from the
heavy ogive section. This superiority is more pronounced
on comparing the transition temperatures in Table l(C).
Here the AISI 4340 bodies gave much lower transition
temperatures than the AISI 4140 bodies. These results
demonstrate that the AISI 4340 bodies are somowhat tougher
than AISI 4140 bodies.

d. Grain Size - The Irain sizes of the warhead bodies
are tabulated in Table l(C). In general, the warhead
bodies have a slightly finer grain size than the ASTM 7 to 8
range expected in commercial grades of AISI 4140 and 4340
steels. The wide grain size range (6-9) in body No. 3 did
not affect quality adversely as illustrated by high impact
strength and low transition temperature.

e. Decarburization - The depths of decarburization
on the outside and cavity surfaces of the warhead bodies
are given in Table l(C). On all bodies decarburization is
greater on the cavity surface than on the outside surface.
Warhead body No. la shows the most decarburization, prob-
ably as a result of reheat treatment.

f. Hardness - The results of Rockwell C hardness
tests of warhead bodies are given in the hardness distri-
butions Li Figures 6 through 12. A grouping of hardness
values according to warhead number, nose section, and wall
section is tabulated as follows:

4 CO!JFIDENTIAL



CONFIDENTIAL NWL REPORT NO. 1728

Rockwell C Hardness Readings
Hardness Range Total Within

AISI Heavy No. of Specification
Figure Warhead Compo- Nose Wdll Hardness in Table l(A)
N~e KuWer siio seio Seto Readings Number Percent

6 1 4140 27-35 30-52 101 15 15
7 2 4340 35.5-37 35.5-38 92 92 100
8 la 4140 33-40 3815-41 132 107 81
9 3 4340 33-35 34-36 77 40 52

10 4 4140 31-36 35-39 76 67 88
II 5 4340 34-36 35-37 76 75 99
12 6 4340 35-36 35-36 76 76 100

Warhead body No. 1 represents the first lot of warheads
received at a time when the contractor t s heat treating
practice was under development. The wide variation in
hardness of body No. 1, shown above and in Figure 6, indi-
cated that heat treatment was not optimum and necessi-
tated reheat treatment of this lot of EX 29 Mod 1 bodies.
For this reason the hardness test results of body No. 1
are not used in any subsequent hardness comparisons. War-
head body No. la represents the reheat treated warheads.
In general the hardness of the warhead bodies is higher in
the wall section than in the nose section as expected from
the shape of the body. The overall hardness of the
AISI 4340 bodies No. 2, 5 and 6 is within the aim 35 to 40
Rockwell C range listed in Table I(A) with the exception of
one value of 34 in the nose section of body No. 5. The
AISI 4140 bodies No. la and 4 show a wider variation in
hardness than the AISI 4340 bodies No. 2, 3, 5 and 6,
particularly in the heavy nose section.

g. Macro-etch Test - Figures 13 through 19 show a
large view of the ogive sections of the warhead bodies
after macro-etching. The flow lines in the AISI 4140
bodies (Figures 13, 15 and 17) are more prominent than in
the AISI 4340 bodies (Figures 14, 16, 18 and 19). Warhead
body No. 2 as shown in Figure 14 represents the first lot
of AISI 4340 warhead bodies to be received. The pitted
condition in the heavy nose section just forward of the
cavity is evidence of faulty forging practice. A study
indicated that too rapid extrusion of the material at the
forward end of the coining punch caused the material to
leave the punch and resulted in the voided condition.

5 C011FIDEENTIAL
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Slight changes to forging tools and rearrangement of forg-
ing passes successfully eliminated this pitted condition in
later bodies No. 3, 5 and 6 shown in Figures 16, 18 and 19.
Except for the pitted condition in body No. 2, Figure 14,
the results of macro-etch test (Figures 13 through 19) show
all warhead bodies to be of satisfactory quality.

h. Microstructure - The microstructures of the warhead
bodies at locations A, B, C and D of Figure 5 are shown in
Figures 20 through 26. The reheat treatment of AISI 4140
warheads represented by body No. 1 is substantiated by the
microstructures shown in Figure 20. The excessive free
ferrite at locations A, B and C and the marked decomposition
of martensite at locations A and B resulted from nonuniform-
ity of heat treatment. In heavy nose section locations A
and B the representative AISI 4140 warheads show free ferrite
in bodies No. la and 4 (Figures 22 and 24) whereas the
AISI 4340 warheads show no free ferrite in bodies No. 2
and 6 (Figures 21 and 26) and very little free ferrite in
bodies No. 3 and 5 (Figures 23 and 25).

i. Inclusions - The inclusions in the warhead bodies
at locations A and D of Figure 5 are shown in Figures 27
through 33. The drawn out nature of the inclusions at
location D gives an indication of the degree and direction
of the forging and drawing of the steel at this location.
The ASTM standard rating of the inclusions in the warhead
bodies (Figures 27 through 33) is less than three and indi-
cates satisfactory material.

J. Banding - Typical examples of the banding present
in the warhead bodies are given in Figures 34 through 40.
Banding was not excessive in any of the warhead bodies.
AISI 4140 body No. la (Figure 36) shows the least banding
and AISI 4340 bodies No. 3 (Figure 37) and No. 5 (Figure 39)
show the most banding. A comparison of Figure 34 and
Figure 36 indicates the reduction in banding obtained by
reheat treatment.

Metallurgical Defects in Production Quality EX 29
Mod 3 Warheads

As the only practical means of meeting an early
requirement for warheads for fleet use, a limited quantity
of final prototype EX 29 Mod 3 warheads was produced using

6 CONFIIDENTIAL
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controls, inspection and acceptance procedures normally
involved in procurement and acceptance of production items.
A large number of EX 29 Mod 3 warheads met the prescribed
requirements but a few warheads failed the acceptance tests.
Some metallurgical data and defects observed in the failed
warheads are reviewed here.

The results of a metallographic examination of inclu-
sions in two warhead bodies representing different pro-
duction lots of EX 29 Mod 3 warheads are illustrated in
Figure 41. Both warhead bodies were processed from the
same heat of steel and had chemical compositions within the
range shown in Table 1(B) for the AISI 4340 warhead bodies.
The manufacturer reported the mechanical properties of both
bodies to be in accordance with the requirements of
Table 1(A). The warhead body with inclusions as shown in
Figure 41(A) passed the required ballistic penetration test
while the warhead body with inclusions as shown in
Figure 41(B) failed the ballistic penetration test by cir-
cumferential rupture near the base end of the cylindrical
section. In comparison with the inclusions in development
quality bodies in Figures 27 through 33 the inclusions in
the body which passed ballistic test (Figure 41(A))are
somewhat heavier, whereas the inclusions in the body which
failed the ballistic test Figure 41(B) are considerably
heavier.

Figures 42 and 43 show an EX 29 Mod 3 pilot lot war-
head body after failure in the ballistic penetration test.
The chemical composition of the steel used in this warhead
body was as follows:

C Mn P S Si Ni Cr Mo Cu
.38 .75 .024 .031 .29 1.76 .77 .24 .12

Although the chemical composition is within the limits
specified for AISI 4340 steel of the open hearth grade the
phosphorus and sulfur contents are more than double those
shown in Table l(B) and are much higher amounts than nor-
mally obtained with standard basic electric furnace prac-
tice. The manufacturer reported that the steel was made in
an electric furnace using a single slag practice and condi-
tions similar to open hearth practice. Such practice could
account for the high phosphorus and sulfur content. Tests
conducted on a sample warhead body representative of the
failed pilot lot warhead body included: Rockwell C hardness,

7 CONFIDENTIAL
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tensile, Charpy V-notch impact, macroscopic examination,
and microscopic examination for structure, inclusions,
banding and grain size. The hardness distribution repre-
sentative of this pilot lot warhead body shown in Figure 44
ranges from 32 to 36 Rockwell C with the low hardnesses
obtained mainly in the ogive section. The tensile proper-
ties met the requirements of Table l(A). The Charpy
V-notch impact strength was 34.5 to 38.5 ft-lbs at O°C and
the transition temperature was -40 0 C. Such impact proper-
ties are lower than the 40 ft-lb minimum strength specified
in Table 1(A) and significantly inferior compared with the
impact properties listed in Table l(C) for AISI 4340
development quality warhead bodies. The macroetch section
in Figure 45 shows heavier flow lines than any of the test
sections from development quality warhead bodies shown in
Figures 13 through 19. The microstructure in Figure 46 is
as uniform as the microstructure of the better AISI 4340
warhead bodies No. 2 and 6 (Figures 21 and 26) indicating
satisfactory heat treating practice. The inclusions in
Figure 47 are mainly sulfides and are more abundant than
the inclusions in development quality bodies in Figures 27
through 33. The banding in Figure 48 is considered normal.
The grain size was 8-9 (ASTM No.).

CONCLUSIONS

Based on the results of metallurgical tests conducted
during development of the Mk 19 Mod 0 (EX 29) warhead and
covered herein, it was concluded that:

a. Thq warhead bodies of AISI 4340 standard basic
electric furnace steel with proper heat treatment were of
suitable metallurgical quality.

b. In comparison with AISI 4340 warhead bodies the
AISI 4140 warhead bodies were inferior metallurgically as
revealed by lower impact strength, higher transition
temperature, and wider variation in hardness and micro-
structure.

c. The mechanical property specifications given in
Table l(A) were acceptable for use in design of the Warhead
Mk 19 Mod 0.

8 CONFIDENTIAL
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DATA CJ PRWOT7YPE ;WARHFADS, EX 29 ,4ODS 0. 1 AND 3

(A) Yechanical Property Speciications

Charpy V-notch
Yield Strength Reduction Impact Strength
0.2% Offaet of Area Hardness Limits at OIC

Warhead .Min. Pin. k'wel C pin.
gRMRMent, (Pi W V 12, M (ft. - lbS.)

Body 145,000 45 35 40 40

Base Plug 35 40

Fuze Cavity 25 30
Liner

(B) Identification and Chemical Composition of Prototype 'Warhead Body Samples

10o. of
5ample .16rheada
•arhead in Lot Date AMl! chemical CoMposition

looresonted R ived •_q Composition C n *. Ci Ni Cr 2- e LIZ

1 10 12-8-58 1 41.0 .40 .89 .008 .0l1 .2M .(19 .91, .*) .Ol,

2 10 12-24-58 0 4340 .41 .76 .010 .015 .29 1.71 .93 .25 .,)7

Ia 0 10 1-2059 1 4140 .36 .80 .009 011 .25 .1o .96 ,.2() o(

3 12 2-13-.59 0 1,340 .38 .75 .011 .013 .25 1.65 GFq .24 .W,

4 11 3-6-59 1 4140 .36, .95 .o11 .011 .28 .07 .P9 .it, .e.

5 45 5-1-59 3 1.31.0 .37 .76 .(•1 .03 .28 1.85 .R12 .27 .o7

6 35 5-20-59 3 4340 .37 .78 .M17 .-013 .33 1.76, ,R4 .29 .,)ft

(C) Tensile and Impact !'roporties, Grain f;120 and Decarburization of Prototype ,larhead Roxdy -Amples

Charpy V-notch
Impact Stroength

Yield I(educ- at 01C Transi-
Ultimate ;trencth tion AlTX, (ft. - lbs.) tion

.Sample AISI Tensile 0.4 :'1onpa- of Grain location l1eawy Tompor- De[,th of Dcarthrization (inchos)
'arhead Compo- Strength Offset tLion Area :;ize in !lose &ture Cavity Ditiido

N", be r sition (psi) (psi) M(L.... ~ No. Firure 4 ý'ection (.4) !Un. "A x, lily. ax.

1 414 0 .01 7 .o 3g .. ) . ,1 v

2 431.0 167,0 00 157,05-5 14.) 5,).1 8-9 49.0•-5 :. 29.5 -9W .'i . )35 1V 1? .)4l.

la ' 4140 183,550 ]•3,?Y 13.4 18.9 P-1'1 31,.'-37.5 21.5 -3'] .1 2 .1.1 .,IL .<1'

S434L 157, R) 1w ,, j -Y) 15.5 52.0 -9 5,.ý- 56.,- -1- .X 2 .-13 .) ')1

41,40 167, 915) 154,6- 12.9 50.5 "-9 L2.0-144.5 -30 .Y1. .)2' .41

S 43i.,' 1 '.3, 5 '' 152,9-k 114.' - 53.i y L7 19,~ -QC .

A .34? - A J& ' 15i" S*ý 7j '51 -3k '0 40'- .5.2

"First :.ot (Sample arnead !-hntbr 1, ;e'eat 7reated

PM'-55553 ;:' :7;1.



CONFIDENTIAL NWL REPORT NO. 1728

MANFACTU 'S HEAT TREATENT OF WARHEAD BODIES

Sample

Anneal: 15250F 3 hours, gas fired furnace, furnace
cool for 14 hours

Preheat s 1250°F 50 mins., salt bath
High heat: 1525°F 50 mine., salt bath, 30 secs. transfer

time to quennh
Quench: 6000? 15 mine., salt bath, air cool to less

than 2000F, wash out salt by immersion in
hot water

Draw: 6000F 3 hours, gas fired furnace, air cool to
room temperature

la and 4 Preheat: 12500F 50 mine., salt bath
High heat: 15750F 50 mine., salt bath
Quench: 2000? circulated oil
Drawl 10500F 3 hours, gas fired furnace, air cool to

room temperature

2 and 3 Preheat: 12500F 50 mine., salt bath
High heat: 15250 F 50 mine., salt bath
Quench: 200°F circulated oil
Draw: 1050°F 3 hours, gas fired furnace, air cool to

room temperature

5 and 6 Heat: 15250° 2 hours, gas fired furnace
Quench: 110OF 8 mins. circulated oil on inside and

outside surface, warhead nose up
Draw: 10250F 3 hours, gas fired furnace, warheads

rolled through furnace, air cool to room
temperature

CONFIDENTIAL
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TENSILE TEST

SPECIMENS•

CHARPY V-NOTCH
IMPACT SPECIMENS

LOCATION 0 F
TENSILE AND CHARPY IMPACT SPECIMENS

PHD 55555 FIGURE 4
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A
B

C

D

PH-D-55552 FIGURE 5

LOCATIONS AT 1-IHPHOrOl-'I IC1GRAP15HSICER TAKIC1 FROM ;YARWFA BODY.
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HARDNESS DISTRBLTrIO1. A WD ?,ACROSECTIOi'J OF BEJLLPUP ',ARHEAD
EX 29 MOD 0 AISI 4340

Hardness Values: Rockwell C Scale
Etch: 50• Hydrochloric Acid

001FfIDEAT IAL



40. .40

40 AWVPA* 395
40. .40

I 40. 40

40 . . 2

4C 403

*40 40

40 40
40. 39

40 . . 305

40 40

40 *0
40, 403

119 * .5

34.5 940

31 40

390 . 0

S45 40

30 . so4

0 * 41
40 . 40

30 . . 31)

315 So 4

40 40

I! Inl~hI

PHD-55298 FIGUR~E 9 February 1959

SAMPLE WIARHEAD NO. )la
HARD~NSS DISTRIBUTION AND ;.tACROSECTION' OF BULLPUP '.ARMEA/D

EX 29 MOD 1 AISI /42140 IREHEAT-TRE.ATED
Hlardness Values: Rockwell C Scale
Etch: 50% Hydrochloric Acid

C ONF ID•NT IAL



34 .

344

34 4 4

14 1

34 S4

34 -54

31

84 .54

34 -3

31

SAMPL WREDO. -a

36.

35.

3

34 3

SCALt

PHD-55557 FIGURE 9 March 1959

SAIPLE 'HARHEAD 14O. 3
HARDNESS DISTRIBUTION AN4D i:ACROSECTION OF BULLPUP WARHEAD

EX 29 i,'OD 0 AISI 4340
Hardness Values: Rockwell C Scale
Etch: 50% Hydrochloric Acid

COJF]DENT IAL



31

v

SCA.E

I- INCH

PHD-55558 FIGURE 10 April 1959

SAMPLE WARHEAD NO. 4
HARDNESS DISTRIBUTION AND iMACROSECTION OF BULLPUP WARHEAD

EX 29 IMOD 1 AISI 4140
Hardness Values: Rockwell C Scale
Etch: 50% Hydrochloric Acid

CONFIDEnTIAL



3* 36

3 6

3* 36

37v.]37

36 '6

*6

'36
36 6

36 *36
36* -36

S6.

341 37

3e 37

$e 37

36@ 56

360 vS

36* 36
36 "36

46 INCHES

360 36

37 37
36 637

3 6,?

SCALE 361"7
I I I - 37l, 37

4 INCHES

PHID-55559 FIGURE 11 June 1959

SAMPLE WARHEAD :JO.
HARD.4ESS DISTRIMIT TOIJ AU1D .'ACROSvCTIO:', OF DUJLLPUP ý,!A.`HEiD

EX 29 ifIOD 3 AISI 4340
Hlardness Values: Rockwell C Scale
Etch: 50p Hydrochloric Acid

CONFIDEATIAL



EX~~ 59~ II44

Etch: 50 yrclrcAi

3CONFID ENT3I

3/. X'36
34i. @36s
35l- 0.036

350 0O

34 36
30 035

3a 6

SCALE.3
• ' 1 , n~36

4 I NCHE S

PHD-5556o FIGURE 12 June 1959

SAM1PLE WdARHEA.D :40. 6
HARDNES5S DISTRIBUTION AND NACROSECTION OF BULLPUP WARHEAD

EX 29 "MD 3 AISI 4340
Hardness Values: Rockwell C Scale
Etch: 50% Hydrochloric Acid

CONFI•DENTIAL



PHD-55561 FIGURE 13 December 1958

SAMPLE WARHEAD NO. 1
iCROSECTION OF OGIVE FROL [3ULLPUP WARHEAD EX 29 1-D 1 AISI 4140

Etch: 50% Hydrochloric Acid

CONFIDE JT IAL



PHD-55562 FIGURE 14 January 1959

SA;.PLE 1,1ATMEAD N.2
HACRSECTOJOF' GIV FRO I2LLPUP WARHEAD EX29 W~D 0 AISI 434'

Z-.tch: 50%-, Nydrochioric Acid

C0 IF IDIL.fYr AL



PHD-55563 FIGURE 15 February 1959

SAIIPLE WARHEAD 1JO. la
1'ACROSECTION OF OGIVM FROH BULLPUP W1ARHEAD

EX 29 MOD 1 AISI 4140 •?EHEAT-TiEATED
Etch: 50% Hydrochloric Acid

CONFIDE14TIAL



PHD-55564 FIGURE 16 March 1959

SAi'IPLE WARHEAD NO. 3
1*iACROSECTION OF OGIVE FROiH BULLPUP WARHEAD EX 29 MOD 0 AISI 4340

Etch: 50% Hydrochloric Acid

CONFIDENTIAL



PHD-55565 FIGURE 17 April 1959

SAI TLE WARHEAD NO. 4
:.IACROSECTIOil OF 00IVE FRO1 3ULLPUP WARHEAD EX 29 iDD 1 AISI 4140

Etch: 50% Hydrochloric Acid

CONFIDD4TIAL



PHD-55566 FIGURE 18 June 1959

SAkILE WARHEAD 1-O. 5
:IAC.iOSECTION OF cGIVE FROi4 BULLPUP WARHEAD EX 29 1'OD 3 AISI 4340

Etch: 50,- Hydrochloric Acid

CONFID111TIAL



PHD-55567 FIGURE 19 June 1959

SAMPLE WARHEAD NO. 6
UACRCSECTION OF COGIVE FROMi BULLPUP WARHEAD EX 29 'MOD 3 AISI 4340

Etch: 50% Hydrochloric Acid

CONFIDENTIAL
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A 1

C D

"* 'TD-55570 FIGUYSE 22

ý7arnple I'arhead No. la
i:OTO.ICiCR('Y:AP-! OF BtJLLPUP? *lARYEAD ZK 29 '11D I. AMS 4140O FFHiEAT-

I L-iLATED

Locations A, S, C and D in. Figulre 5

Z-tch, ... ital '.agniification: 1000y,

CO1 WIDEI TIAL



lzI

A

D

PH-D-5557J. FIG3URE 23

SAXPTZ, ;IAflHEAD NIO. 3
PHOT01IMflXRAPHS OF HULLPUP WARHEAD EX 29 :DD 0 AISI 4340

LOCATIONiS A, 3, C AND D 1-1- FIGURE 5j

Etch: A~ta. jAgnhification: J.OOOX



D

`U>5572 T GUI 24

F';ICi", :TC 'OfAPHS OF 2i LLPUF 11, '-A AZ 29 '.OD 1 AISI 4140

LOCATLI0I.ý A;, C IJ1i' D, I.' FIGuJ., r

"C'0 TIP ";7A I



A 13

nification: 1000)5

CO*.FID--ilTIAL~
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A

4D

PHD-55575 FIGURE 27

Sample Warhead No. 1

PHOTOMICROGRAPHS CF BULLPUP WARHEAD EX 29 HO•D 1 AISI 4140

Location A and D in Figure 5

As Polished Magnification: 1OOX

00FIENTIAL



- S

. -

A

D

PHD-55576 FIGMI"E 28

Sample Warhead 1o. 2

PHOT01MCROGRAPHS OF BULLPUP 4IAR!]I;AD "X 29 -.OD 0 AISI 4340

Locations A and D in Figure 5

As Polished iAgnification: IcOO:

CO4J ID IT IAL
j5
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A

D

PHD-55577 FIGURE 29

Sample Warhead No. la

PHOTOMI1CROGRAPHS CF BULLPUP WARHED EX 29 MOD 1 AISI 4140 REHEAT TREATED

Locations A and D in Figure 5

: An Polished Magnification: IO0M

. -



A

D

PHD-55578 FIGURE 30

Sample Warhead No. 3

PHOTOI!ICROGRAPHS OF BULLPUP WARHEAD EX 29 14IOD 0 AISI 4340

Location A and D in Figure 5
As Polished Mgnification: 1OOX

L4 CONFIDETIAL



A

D
PHD-55579 FIGURE 31

Sample Warhead No. 4

PHOTOIAICAOGRAPHS OF BULLPUP WArheAD EX 29 ,[OD 1 AISI 4140

Location A and D in Figure 5

As Polished 'Agnification: lOOX

COiF IDENTIAL



A

D

F IGURT 32

Sample viarhead ;'o. 5

PHOT,. jr .'C OG7!APHS OF 3JLLPUP ',` nIE-AD 29 ''.CD 3 AISI 43140

Location A and D in 'Figure3

As ?ýolished i'agni~fication: 10OX



A

D

PHD-555v1 FIGURE 33

Sample Warhead No. 6

PHOTOZCROGAPHS OF 3ULLPUP iJARHEAD EX 29 IDD 3 AISI 4340

Location A and D in Figure 5

As Polished ]-Agnification: 1OOX

CONT IDENTIAL



4 -

PHD-.55592 FIGURE34 5

Sample 1Varhead No. 1
PH'OTO.,CRCARAPH 0F BUIJJPUP WARHEAD EX 29 1IDD 1 AISI 4140

LocationCinFgr5

Etch: Zaphiran Chloride Magnification: 10OX

C O4FIDE1JTIAL



PHD-55593 FIGUP B 3 5
Sample Warhead No. 2

PHOTOIIICRCGRAPH OF BULLPUP WARHEAD EX 29 MOD 0 AISI 4340

Location C in Figure 5

EEtch: Zephiran Chloride MAgnification: 10OX

CONFIDDITIAL



&:,e.arileao ;o. la

k~! 1 (j iC{~P~OF OULLŽW -JJiAb >'29 'CD 1 AM131 4hO.i-; t rA

1.ocatoi~ C ii Firurc 5

- ~.Ze.Ahiran OhloriJ3anhiaio:Jý(.



F H-!T-'5595

"3ample -arhead "o. 3
PHCTOIRCGRPLAN! OF 3ULLP'JP J.411--LAD SX29 lD0ALAi 4340

Lo~tio Cin Figrure 5

-2tch: Ze::)hiran Clhloride ~a.ifouo. &

CCTIr 17 TE TA!



Sannfie I.a rhead o..'

PHCT~ ~IC C iQPH(' -'JLLPUTURP [2A L 29 CL'2. 1AIýl !,140

Location C in Fi1gu re

~~L~;r -ehiran Chlol-ide 1 ificatiorv I &
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PHD-55597 FIGRILZ 39

Sample Warhead "!o. 5
PHOTO;IIICRCGRAPH OF BULLPUP WAITEAD EX 29 MOD 3 AISI 4340

Location C in Figure 5

Etch: Zephiran Chloride 4Agnification: lOOX

CONJFIDEITIAL
A
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*yr)~1~3y OF DU:LTI"LrP vAl"iiH-D 1'.]; 2S" MOD 3 '1 1 -134~

~oca~ C.o L i FiTu re 5

. aglrif"_ý-atiow 13.



C".

(i) darhead Serial do. 139A From Lot 103

"(ri) arhoad )erial 'Jo. 103A From Lot 102

rPHI)-55617 FIGURE 4i

P?[OTCI22IC1OGfAPHS TAKENJ OF BtLLPUP ',Ar.-LADS EX 29 ]OD 3 FRO,", PRODUCTION LOTS

Location D in Figure 5

As Polished AISI 4340 ST;'.L Magnification: 1OOX

CONFIDE AITI,AL
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34.4
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a.o

MI 4
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a~m a.

I 34KQIS:

PHD-55610 FIGURE 144 January 1960

PIL~Or LOT, SAMPLE WARHEAD, SERIAL NO. 4
HARDNESS DISTRIBUTION AND MACROSECTIOI' OF BULLPTJP WARHEAD

EX 29 MOD 3 AISI 4340

Hardness Values: Rockwell C Scale
Etch: 50% Hydrochloric Acid

CONFIDENTIAL



I *

PHD-55611 FIGURE 45

PILOT LOT SAMP1 WARHEAD, SERIAL 1O. 4 MACRQSECPION C OGIVE
FROM BULLPUP WARHEAD EX 29 MDD 3-AIMl 4340

Etch: 50% Hydrochloric Acid

CONFIDENTIAL
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PHD-55613 FIGURE 47

PILOTy LOTr SkYLL. ~J~W3AI , SZRIAL :!O. 4 PH~rO IMIIC2RPIISJ
OF BULPUP WJARHEAD EX 29 >DD 3 A131 4+340

Location A and D in Figure 5

As Polished i'Agnif ication: 100,'

COMiJIDFTIAL



D

PHD-55614 FIGURE 48

PILCT LOT SkTJLE, WJARHEAD, IS~RIAL -'10. 4 PHoTrO: !IG1OGflAPHS
OF .tJLLPU-P WdA11-{ZDX 29 .-.D 3 A16I 4340

Location A and D in Figure 5

,t ch: Zephiran Chlorid~e i-Agnification: 100,'

C0.471MITIAL


